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Report No.i 8926m09l

Material Adhesives - High Temperature Ceramic
Liatu -e Sur'vey and Tens ile Strengths

Abst-aC-t

A literature survey pertin~ent to high temperature cetri adhesives Was
conducted. Seven literatur'e refer-ences ar given in the body of the
report. Appendix 1 Of the report gives 101 refer0-nces taken from the
technical literature and Appendix !I cites 9 references taken P'rom~ wADc
TR 58m8 4 , August 1958. Tensile tests were mrade with Univdrsity of
Illinois U-1067 COffiposition With indifferent results.

Reft renCe:t Prt D. Se, Shoffner, J; Es, Keller. 2. E.,I
",High Tempeature~ ceraic Ad-hesivesi" General
Dyftm1ic/covair 'Report MP 58dI.75, San Diego,
California, 2 March 1959. (Ref'erentce attached).
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Now high speed aircraft Ad Missiles now Oft the drawibg boards will- have hig - urf,

temipera-tures when in service. The suraces must be smsooth in order to keep this
temperature as low as possible. Mhesives offer a methodof achieving this -by

*keeping irregularities to a minimum. Organic adhesives have a teMersature limdita-
tion of approximately 6006F, but since ski temperattres are expectd tors bve
60O06P, they can t be considered for lonbg time operation.,

Ceramic materials, well known for their -ability to withstand hi gh temperature, off'.
possible source of high temperature adhesives. Various types of ceramic adesivc

i-e., sodium silicaite, sodium aluMihate, magnehium oxcychioride, aluminum phosphate.,
and potas~ium silicateihave been in use for years.6 These materials fail under conel-
tions of heat and/or humidity and are not suitable for conditions found in high
speed Aircraft. (7 ) Therefore, other c~eramic coMpOsitions must be inivestiga~ted for
a Possible high temperatur hdhesive.

LITRAURASRVY

In the course of a three year investigation by Spriggs (2) (7), Over 10 ifrn
formulations were tried as a high temperature adhesive for types 302 and 17-7 PH

.adnless s-teel. These fonrmlations included ceramic-xd glassy bonded cdatinetc
cermets with siatered metal bonds, air setting temp~erature resistaint silicates,
aluminates, oxychiorides, oxygulphides, and ceramic oxide resin bonded materials.
Those specimens requiring heat for curing were fired for twenty minutes under a
501 psi loading at temperatures from 1000P* to 2000-P. Tensile testingwsdn at
room temperature, 6000P, 8000F, and 10000P on a TJinius Olsen testing machine. Spt-
states that some glassy bonded adhesives, when imdified with Vsidered metal additiot'..
develop over 1000 psi tensile strength from room temp~erature to 1000"PF. These valv(
were obtained using a stainless steel screen carrier in the Joint area.

The Boeing Airplane Company has developed a metal to metal ceramic adhesive. The
Narmo Company is licensed for sale of this itua, Ibat at last report cember 10,
1958, was not ready to release somles for study. Mr. Roger Lonjg of the Naaluc
Research Group, Sap Mego, state ta eeivdthupeliiof the adhesive

woldbeabut8o~7Whwever,. the values at that temperature would be over 1000 pzr2'
(3)

Besides the 10-eing adhesive, the Nanaco laboratories are working on a WAXC coatract
AP 33(616)"MT6 aid Navy Ro;ero contract NOms58-587C. The W=W work is a follo-up
on, the University of T-linois workc, while ithe Navycnrt is on the deeomn
of an exothermuic adhesive.

The Aeronca Comaney, Middletow, Obo, is also workid on further development of
the University- oQ- Illinis research. -This work is being dow nd ier WAXC contract

AP33(616)-5538.1

DISCUSION OF LITEAURE SURVEY:

Throughout the Unversity of Illinois investigation it is stated that the best ad-
herence will be achieved when the coefficients of expansion of the metal and the
ceramic adhesive are closely matched. However, one or fin al, cmoitions
developed, UI 1067, has A very low coefficient, 06.1*0l cm/0C. Thi0seadhsive

---- ------
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DISCUSION O IAU SUV:(oninued)

is as favorably reported asanother which has an expansion factor of 42W-- 0-7
cm/cm/*'Ce Stail."ess Steel all-oy, type -302 has a, coefficient of 61x0 c/C.
This laboratory is unable to explain why this formulation VAS considered for investi-.
gation or why it functions as it does.

The function of the Stainless Steel car~rier is unexplained. it wa proven to be an
aid in achieving bond, but just how it does was not d-iscussed. A fiberg-lass carr~ier
in organic adhesives localizes shrinkage, maintains a predetermined joint spacing,N
and prevents the propagation Of cracks. Does the stainless steel calzvier function
in the same manner, or IS there a Union of Metals at the carrier-metal interface
that gives added Strength?

Some work was done Vith the addition of adherence 0xides to the adhesives,. bat this
line Of investigation Was limited. No foliulations were tried with cobalt oxide
which is known to contribute greatly to the bonding of porcelain enamel to metal. (4)

Nearly all of the University of illinois work was done on metal roughened by sand
blasting or other mechanical means. Another method of metal preparaton, nickel
Plating, wa" investigated to a Smaller extent.

Adhesive i rprto The University of M-- inois composition u! W067 was
favoably repoirted by -Sprgga.- (7) %is formuila was used to coMound a tt flor
the initial laboratory study.

Adhesive Frit Oxide Comosition, Frit Batch C uosition
'mert by !eight __Parts-by Weight

S10 2  38.0 Quz214.8
-aO5.0 Sodium Nitrate 9.0

V-O3  57.0 Boric Acid 66.2

The frit was ball1 milled with silica, and water until the residue on a 200 mesh
Screen was less than 2% of the weight of a 50 Cc sanqle.

Adhesive ftit 401 Mill Yo- la
Part byWeigh

Frit wl67 100
Colloids! Silica 14
Water 28.2
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Adhesive Slip eaion a&d Cu Sandblasted specimiens of type 32-1 stainles;
steel were sprayed with the idheuive Slip until a dried thicknaess of 7-10 mils was

acievd.They were dried at 90007 for one hu.The specimens wr smldtgive a net contact area of 1.3 in 2 . They were pressed together as tightly as possiuzby means of a. 1/2" nut and bolt aragmnand tired at 1750 - for twenty minutep
without the application of additional pressure.

Adhesive l1,ine

___ Stainless

Steal Type 32J.

Method of fastening specimens

:Up1l Shear Test Reuta Of the eight joints compressed amd cured, only tbzcrsurvived the disassemlin ofth -t and bolt. Die oxide scale formd between the*;iut and bolt made the disasanbl very difficult. The specimens were pulled on aTinius Olsen tensile machine at room temperature. Thelaigrt m 0 0ls
per nute. Telaigrt a M±10ls

Joint No.TeilVau

1 Broke on Disassembly
2 i t

3 215 pal
4 -529 psi
5 Hoke on Disassembly
6 W 0psi

7 ftoke on Disassembly
8 I

Average 358 Poi
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The average tensile value of 38psi is lower than the 545 psi obtained by the
WU. versity of Tfim cis; however, -the conitions were not the aem. The Wiveisity

of 0l-1-Incs aplied- a 50 pei loading during the curinog and ooolIr-, and used a 98
mesh stainl es steel screen as ant adhesive aiier. Our initial evaluation seems
to indicate that the values reported by Spriggs (?) can be obtained If ll conditions
are duplicated. ftlication wLl- require the devemlagmmnt of a fixture to lyw the
necessary loading during firing Mnd utililifg 28 gaugs staI10ess9 steel 6000e610g.

MLC - PonO5aF , a -P!MOUMM:

A4 The -first effortsb shounld -be t4 check the reprodicibility Of the Uivesity
Of IllinoiOs Investigation. In addition to checking with staLess steiel
alloys 3D2 and 17&7 PR,, superslloys of the lens 1.1 and Hastefloys W35 or-

25(L605) types would be used. The latter allo0r are Ones belag ooftidered
for the fabrication of new high pe6mc aircraft en- vissiles, and the
adhesives mast be epplicble to them. Other ffit opSWAiMs should be
studied.

13. The types Of bond achieved would be studied by mealopqii, zarayp and
election microtscopi-c methods. After determining the meoemim of bnig
a study should be moe of possible changes in the fozLUaa to laprove the,
adhesive character of the bond.o

0. An investigation should be made into various methods of metal preparMan.
The introduction of another strata Into, the system, i.e., metal plating,
may bidge the difference In qansIO Ubween the mtal "a the SeI~MASD
to a degree vwee It would be loes critical. This strata also nd.At provide
a better bonding surface for the cead6hesive.

D. After developing a ceramic adheive that woul give the desired resuts
ione type of testing, I 90.0 tensile shearing, on i0Nuetato should

be mad. of other possible dodog pausmterse Vlues would be obtained
fM twt, peel, oaressiom - pat "Wpe ofret~.Zbto

of thIs type woul be- of wine to deidp aid oswo Va t would have
theasd to ]wthe int"4mi properte of Poe4" 46001s.
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The effectiveness of a high tez~efatufe ceiiamic adhesive will depend On
the union achieved between the adhesive and the Metal. Following is a
brief sumary of factors affecting ceremic to metal3 adherene and the
five Main theories as to why boading occurs. (1)

A. Factors Affectin Aftftez~

1 Cofficin tpaso The coefficients of expansion Of the
Metal and adhesive-should be as close together as possible. If
the adhesive's Coefficient is greater,, it ill- tend to Pop off
when cooled to room temperatture.

2 - -c"tng Composaitionq The composition of a ceramic Controls Ito
melting point. It would be ve~r desirable to have the melting
temperature of a ceraic adhesive the same as a, temperature uudd
In the heat treatuent or aging opeaino temtl

3 4 SurfaWetting & Me ceramic adhesive Muast Vet the surfaed* of
the Metal.- If -wetting doe no cu, the adhesive My be unable
to fore a reaction bond, or to obtain a mechanical grip on the
metal.

4 -Reaction Time - The time at the maturing temperature is importan~t.
03e time mas be long enough to complete all the desired reaction.
Excessive time might produce several undesirzable results: (1) de-

vitifiatin,(2) adhesi -ve flowing frut the joint, (3) excessive
interface reaction, or oth, an-hudb avoided.

5 Adhesive Thickness -The cohesive strength of the ceramc adhesive
m e telitn fator of theJit The thicker the adhesive
the greater the opportunity for the production of Into-ZIAl fats
that could lead to failure A minimam thckesmas t be imitalned
to insure the presence Of eough adhesive to complete* the bondin-g.

6-Effect- of Adherene (Oides Certain metalic Oxide are luvwn to
improv the ad eece betwen Porcelain onel a the bae etal.

Perhaps thsom effect vii]. bund in cer~c adesives.

7 metal, Paration - Zia will involve not only metalc clening to
rem~vesoiliAnoides, but Could ,iclude the deposiino

thin coatng of an adherence pronoting oxide or mother mterial.

FORM 1812.A
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A. Patr -fifecitIng- here-nce (Cotintied)

8-fvltoo ae S mnall quantities of 3ae Or ga roduders, ike,

N, N, or C are trapped in Most Metals Upon solidification. These afe
either in the nlecula~r coi~osition or ameitrrnla.Uo et
i-49, these gases tend to boil to the surface of the metal. If the
cera5mic adhesive forms a glaesy sur-face before most of these gases
have escaped, discobtinuities in the fornu of micro bubblzes vilz cu
in the adhesive and/or at the interface. Gases may also originate
in the medium used to carry the Ceramic adhesive frit.

9 I n porcelain enameling it is generally agmeed. that a
degree Of metal oxidation occurs during the firing, SM this Meta
oxide contributes to the adherence. The metals used in aircraft
have high Oxidation resistance, And it may be necessa-ry to prnomte
Oxidation at the adhesive line in order to achieve satisfactory
adherence.

10 Firin moper ~st investigators believe the -besat ceramic to
metal adherence Is obtained in an oxidising at-msphere. This c~i
tion would present some problem, ifwnlybdenulm were the meta being
bonded.,

Bo Theoae -of-C-er ci-o Mtal Adherence

Tbday, five theories are accepted for ceramic to metal adherene:

1. Mtallic Dendrite-Fozution Wr~ning the fusion period, the metal
and constituents of the ceramic unite to form interlocking crystas
which are firmly bonWe in the ceramc and to the metal.

J7  Ceramic

Keta

go Ceramica constituent
M~ Metal contuen

2. Oxcide Layer FozuatIon Thisa theQy states that %he cei"de to metal
adhrene i dii ~ te izutio ofthn layer of Metal wdides at

the interface.
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Be Thoiso4emPoaAdherenCe (Continued)

3., Galvfnic -C~oftoiob There is some evidence that an electrolytic re*
Action occUrs- at the ceramic-Metal interface., This Action seems to
prodluce Pitting And surface irregul-arities that permit the ceramic
to "toebal" itself Onto the metal. See Figure 1L

I&. chaunical Grip -- i -This is the same type of bonding As is found
in the galvanic Corrosion theory. It is hefe assmed the surface
irregularities are fozrned by pick-ling Or 5sarblating Prior to the
application of the ceramic.

5.Chemial --- nd-in- Here the bonding is claimed to come from the
Mutual sharing Of an oxygen bond between the metal and the ceramic.
As the Metal tries to Oxidize at the higher te~eratures~j it
successful-ly borro or shafts mo with the adherene oxides in
the cezraI6, thus a chemical bond Is forund between the two.
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DIFFERENCES IN THE CORROSIVE ATTACK ON IRON
BY COBALT FREE AND COBALT BEARING GROUND COATS

Enamel Enamel Eae

Iron Corr"hion - .Iron Corrosion

Ironron ~ Iron

(1)(2) (3)

A) No Cobalt

(1) 2 min6 after entering furnace
(2) 4 tot
(3) 6"I

EnamelEnamel

IroIron

B obaltBearing

Schematic drawing illustrating the differences in the corrosive
attack on the iron by cobalt-dtree end Jsobalt bearing ground coats. he
firing time increases in both sets of diagrams from left to rightl the first
diagram in each case indicating the interface condition shortly after

the enamel fuses, From Moore, et el (4)

Figure 1

-0mg e~gJ
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The bibliography from "ftuamental Study of &MOl A dherence
metallic Nil11 Additions to Replace Adherence Oxcides in Stabl-

ard~aelGround Coats,7.E Shoftner, Ford Motor Coay
Scientific Laboratory Report Nov 5-1e8, dated Ja y 27, -1956 (6)

Wals bibliography is presented to makie aval~ble to the reader a listing
Of pertinent references on aftesionw

FORM lei&
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